ABSTRACT
INTRODUCTION
The long-lived isotopes of cobalt were observed in fallout originating from nuclear detonations') and even in some marine organisms2,3). Of these isotopes, 60Co must be considered to be mostly hazardous in the long-term environmental con tamination because of its longer half-life (5.2 years) than any other isotopes, namely, 57Co (270 days) and 58Co (72 days).
At all events, there can be found possibilities of the entry of radiocobalt which has been discharged to the surface of the earth into the food chain. If the biological half-life of radiocobalt is short and an equilibrium has been reached between the human body and diet, the pattern of distribution of radiocobalt could be interpreted on the basis of that of normal stable cobalt, and the biological half-life would be assessed by means of studying the metabolic balance of the stable element between people and diet. This consideration inspired an examination of the distribution of the stable cobalt in man and his diet. Following the previous report4> which dealt with the distribution of cobalt in the human body, in the present study the total diet samples collected from a number of sites in Japan have been analysed and the balance between Japanese people and diet is discussed. 
ANALYTICAL METHODS
Two spectrophotometric methods were used in determining the cobalt. These methods were those of Torii using o-nitrosoresorcinol monomethylether7 and Clark using 2-nitroso-l-naphthol8).
Either method was proved satisfactory in the determina tion. Duplicate samples were used in obtaining the values reported and additional samples were analysed if the duplicates failed to coincide within the error of deter mination.
THE DAILY INTAKE OF COBALT BY JAPANESE PEOPLE
The results of determination are summarized in Table 1 . Averages were cal culated on the basis of assumed normal distribution.
The average daily intake by urban adult (17.9,ug) does not significantly differ from that by rural adult (21.1 Icg). The average daily intake of cobalt by the Japanese as a whole would lie somewhere between and an approximate estimation by a simple averaging shows 19.5 I.cg. Excluding local peculialities in Ishikawa and Yamagata Prefecture, where lower and higher values were observed respectively, two thirds of Japanese adults should take from 11 to 28 Itg of cobalt daily and rural children would take a half or less amount.
The present values obtained for Japanese are much higher than those by Harp and Scoular who reported an average adult diet of good quality as supplying 5-8 pg of cobalt daily in the United States').
It should also be noted that the recommenda tions of the International Commission on Radiological 'Protection, 1958 give in Table  XQ value of cobalt intake as affected by the menus which might be caused by the variable levels of this element both within and between the different classes of foodstuffs.
The food channels through which the stable cobalt may enter into man would
give informations not only on the nutritional picture but also the passage route of radiocobalt.
The latter information would give further suggestions in the establish ment of a planning of protection of a population from unnecessary exposure to radiation in connection with the environmental contamination with radiocobalt. Combined diet samples based on standard recipes recommended by the National Institute of Nutrition, Japan have been collected under the instruction of Prof.
Y. Hiyama, Tokyo University from a number of sites in this country.
One of these samples collected in Tokyo in January 1962 was divided into 6 categories of food groups as indicated in Table 2 and analysed for cobalt content. for American assuming the average concentration of co balt in each food groups the same as in Japan. Table 3 and Fig. 1 Recent activities found in tunas could naturally be ascribed to the recent series of nuclear tests in the Pacific but it might also be possible to assume residual and ubiquitous activities from the past tests in the oceanic waters.
If the latter is the case, it would be possible to compute the specific activity of 60Co in sea-water assuming the existence of an equilibrium condition between the stable element and 60Co in the fishes and sea -water .
The cobalt content of tunas is not known but some species of Gadus are reported to have 0.065-0.1 p. p. m. Co in living material's).
These values are in good coincidence with the concentration in the marine products as a whole as presented by the authors.
Values for some fishes reported by Bertrand and MAcheboeuf seem to be astonishingly high (0.028-0.11 mg/100 g fresh) 16 ). The concentration of cobalt in sea-water is reported as 0.1-0.67 ,ug/117). Assuming the concentration of cobalt in the fishes as 0.031 p. p. m. and the average value in sea-water as 0.3 pg/1, the specific activity of 2-5 /z c//tg Co would be obtained for recent waters in the Pacific.
If this estimate is valid for all of the daily consumption of marine products (101 g), a rough estimate of the daily intake of 60Co by Japanese would result in 6-15w.tc and the total body burden would be 0.3-0.7 mpc assuming that 60Co enters only through marine products. The figures given could not be taken as more than maximum estimates in the assumed situation of continuing level of 60Co in sea water.
Estimation of the total 60Co in sea-water can be made roughly on the assumption that the mixing layer extends to the depth of 100 m on average in the ocean 18). p. p. m., the specific activity of 60Co in soil which is assumed being deposited in the same proportion as in the ocean would be computed as 3-15 ,u/-.cc//cg Co. A similar calculation as that has been made for marine products will lead to 90-450 ,uµc of the daily intake through land products by Japanese.
This would be more than ten times that through marine products and the total body burden would amount up to 4-21 misc. This is not likely to be true, since 60Co from nuclear tests has not been reported in people.
The assumption of equal deposition of 60Co on land area to the ocean should not justifiably be made, but probably much injection occurred of this induced radio activity in the Pacific and the effect of close-in fallout raised the deposition over the sea. However, the foregoing estimation was made as being of value in establish ing a preliminary planning of radiological protection following the release of radio activity into the environments.
ASSESSMENT OF BIOLOGICAL HALF-LIFE OF RADIOCOBALT IN MAN
A study of the balance of the normal stable element between people and diet may possibly be substituted for the experiment with radionuclides of this same element if the distribution of the stable element in man is assumed typical of the distribution that would result from chronic human exposure to radionuclides and the way of incorporation is assumed similar. If the average body weight of Japanese adult (m) is assumed as 56x 103 g5) , the average concentration of cobalt in the body (C) as 1.6 x 10-8 g/g wet tissue 4), and the daily ingestion (1) as 19.5x 10-6 g as presented in this report, the biological half life in total body would be calculated from the following equation :
where fW is the fraction of that taken into the body by ingestion that is retained in the total body. A reliable value of f,, is not known for Japanese diet but if the value of 0.3 as given in the recommendations of the International Commission on Radiological Protection, 1958 is also valid for Japanese, the biological half-life of cobalt can be calculated as 106 days.
A balance study in young college women performed by Harp and Scoular9> gave the value ranging from 73 to 97% (average, 92%) of absorption. If this value of fW (0.92) is used for the foregoing calculation, the biological half-life would be given as 29.3 days. The value of fW greatly affects the calculation of the biological half life. Nevertheless, these calculated values are in disaccord with the value of 9 .5 days as given in the recommendations of the I. C. R. P., 1958 for the biological half life of radiocobalt, which is supposed to be derived from an experiment with radio cobalt, probably on animals.
If a similar calculation as given above is made on the basis of m being 70 x 103 g, C being less than 4.3 x 10-8 g/g, I being 7 x 10-6 g and f w being 0.3 as given in the Table XII in the recommendations of the I . C. R. P., the biological half-life would be calculated as less than 993 days.
